um hexafluorophosphate solutions, using freshly distilled tetrahydrofuran or methylene chloride. All solutions were prepared under an atmosphere of nitrogen and degassed completely before injection into the SEC cell. Blank reference solutions containing 0.1 M tetra-n-butyl ammonium hexafluorophosphate were used for the Fourier transform IR solvent subtractions. A Princeton Applied Research (PAR) model 175 Universal Programmer with a PAR model 176 Current Follower were used to effect and monitor thin-layer bulk electrolyses. The IR spectra were acquired with a Mattson Research Series Fourier transform IR equipped with a MCT (mercurycadmium-telluride) detector.
. However, the prediction skills of these models are still limited by our insufficient understanding of the intrinsic mechanism that is responsible for the ENSO. Bjerknes (4) proposed that the ENSO is a self-sustained system in which SST variations in the eastern and central equatorial Pacific produce wind variations, which in turn produce SST changes. However, this scenario leads to a never ending warm or cold state. A mechanism for the oscillatory nature of the ENSO was originally proposed by McCreary (5) , based on the reflection of a subtropical oceanic upwelling Rossby wave against the western ocean boundary. Battisti, Hirst, Schopf, and Suarez (6-8) proposed a concept that was similar to McCreary's (but was better supported by observations and equatorial wave theory), known as the delayed action oscillator, in which equatorial Rossby waves reflected as upwelling equatorial Kelvin waves are essential (9) . Given the 9-month total travel time of the equatorial upwelling Rossby and reflected Kelvin waves, this concept asserts that it is the continuous arrival of upwelling Kelvin waves that slowly erodes the growing SSTwind interaction in the eastern equatorial Pacific, finally stops it after 1 or 2 years, and eventually turns the El Niñ o event into a La Niñ a event.
The delayed action oscillator theory is currently the leading theory for the ENSO, although it has several flaws. First, the maxima in the coupled SST-wind stress fields, simulated by the different models that led to this theory, are located 20°to 40°too far into the eastern equatorial Pacific as compared with observations ( Fig. 1) (10) . Second, on the basis of mooring data all along the equatorial Pacific and satellite altimetry data, several authors have questioned the effectiveness of the western ocean boundary as an equatorial wave reflector (11) (12) (13) (14) . In contrast, it seems that equatorial Kelvin waves reflect quite well on the eastern boundary as equatorial Rossby waves (14) . Third, the models that have led to this theory of the ENSO are based on the dominant role of thermocline displacements on SST in the eastern equatorial Pacific, and they underestimate or misinterpret the effects of zonal advection (15) . As a result, these models consider the eastern equatorial Pacific (where ENSO-related SST variations are the strongest) to be the source of the ENSO air-sea interaction, instead of the central equatorial Pacific (Fig. 1) (10) .
The central equatorial Pacific has been confirmed as the source of the ENSO in recent studies (16) (17) (18) (19) , which indicated that the central equatorial Pacific SST varies between 26°and 30°C, predominantly on the ENSO time scale, as a result of the strong eastward and westward displacements of the eastern edge of the western Pacific warm pool. Because the SST varies around the approximate 28°C threshold required for the maintenance of organized atmospheric convection, the central equatorial Pacific is at the origin of the dominant mode of ENSO coupled ocean-atmosphere variability on a global scale ( Fig. 1) (17) . The dominance of zonal advection in these zonal displacements was demonstrated in several of these studies. This was supported by the discovery of a zone of convergence of water masses into a well-defined salinity front that moves together with the eastern edge of the warm pool, eastward and westward during the El Niñ o and La Niñ a phases, respectively ( Fig. 1) (19) . The oceanic convergence zone is due to the confluence, within the equatorial wave guide (20) , of sporadic currents from the west and nearly continuous currents from the east (19, 21) . The zonal displacements of the oceanic convergence zone-eastern edge of the warm pool (hereafter referred to as OCEE) are therefore predominantly governed by the variations of zonal surface currents generated by the combined effects of (i) local wind forcing ( Fig. 1B) , (ii) free equatorial Kelvin and first meridional mode Rossby waves, and (iii) reflected equatorial waves on the western and eastern ocean boundaries. In particular, it appears from observations that the eastern boundary reflection of a downwelling Kelvin wave into a first meridional mode downwelling Rossby wave may have been responsible for the shift of the 1986-87 El Niñ o into the 1988-89 La Niñ a (18) . Therefore we propose a concept for the oscillatory nature of the ENSO that can be considered a significant modification of the delayed action oscillator theory, with an important role played by zonal advection and equatorial wave reflection on the eastern ocean boundary.
This concept can be illustrated with a simple ocean-atmosphere coupled model, based on recent in situ and satellite observations. A linear wind-forced ocean model, derived from a low-frequency, long-wave, approximation model (22) , was restricted to the zonal current of the first baroclinic Kelvin and first meridional Rossby modes (20, 23) . The ocean model did not simulate SST, and the location of the oceanic zone of convergence was used as a surrogate for the location of the eastern edge of the warm pool (24) . As in a previous study (19) , the location of the OCEE was determined by the trajectory of a hypothetical drifter moving with the average zonal currents within the equatorial band. In the present study, this band was usually set to 2°N to 2°S, and the zonal currents were calculated as the sum of the modeled varying currents and the mean currents (Fig. 2) . The atmospheric forcing and the coupling principle used in the model were based on a simple approximation of the observed SST and wind (Fig. 1 ). During El Niñ o, westerly winds penetrate from the western equatorial Pacific into the central equatorial Pacific simultaneously with the eastward displacement of the eastern edge of the warm pool. The pattern is reversed during La Niñ a. Atmospheric model simulations (25) and Fig. 1B suggest that the amplitude of the penetrating winds is fairly independent of the extent of penetration. The anomalous zonal wind stress that forced the ocean model was therefore defined as a patch of wind of constant amplitude whose zonal extent varied simultaneously with the zonal displacement of the eastern edge of the warm pool (26) . This zonal extent was proportional to the distance between the instantaneous position of the OCEE and the mean climatologic position of the OCEE [hereafter called the "midpoint" and situated around 180°( Figs. 1 and 2) (27)].
In this model ( Fig. 2A ), at initial time (t ϭ 0 month), a westerly wind patch is applied (28) , and it induces local zonal currents that advect the OCEE toward the east against the weaker mean zonal current. At the same time, downwelling Kelvin waves and upwelling Rossby waves, on each side of the wind patch, propagate eastward and westward, respectively. The wind patch expands eastward simultaneously with the displacement of the OCEE and generates local currents and equatorial waves of greater amplitude. As a consequence, the displacement of the OCEE accelerates and El Niñ o enters into a growth phase. It is the combination of two sets of zonal currents, in opposite direction to the original windforced currents, that gradually reduces the acceleration of the eastward progression of the OCEE. One set is produced by the delayed arrival of the reflected equatorial waves from both ocean boundaries ( Fig.  2A) ; the other corresponds to the mean zonal current that, as shown on Fig. 2B , increases in strength concurrently with the eastward displacement of the OCEE. Eventually, this combination stops the OCEE displacement toward the east (t ϳ 8 months) and finally pushes it back toward the midpoint. Once the midpoint is crossed, the wind shifts from westerly to easterly (27) and El Niñ o turns into La Niña (t ϳ 13 months); then La Niñ a turns into El Niño (t ϳ 39 months) and the ENSO phases repeat indefinitely.
The model includes several parameters, and numerous sensitivity calculations were done to determine the ranges of parameters that result in an ENSO-like oscillation of the model. We defined a "standard case," in which all parameters were set very close to their mean values (29) . It resulted (Fig. 3 , curve b) in a lopsided oscillation (that is, a longer time to go into an El Niñ o than into a La Niña) with a 4-year period and an amplitude of 25°(defined as half the distance from the crest to the trough). The simulation resembled the observed ENSO (Fig. 1) , which has on average a 3.8-year period (30) and a lopsided pattern. The sensitivity calculations are summarized on Fig. 4 , where one parameter at a time was changed, while the others were kept fixed at their standard case values. The equatorial Kelvin wave-speed range corresponded to the first baroclinic mode and was found to be very close to the one determined from in situ and satellite observations (Fig. 4A ) (13, 31) . The location of the midpoint (mean OCEE) ranged around the observed value of 180°( Figs. 1 and 4B) . The latitudinal trapping remained close to the observed value of 7°( Figs. 1D and 4C) . A close look at Fig. 1 suggests a 5°to 15°l ongitudinal shift between the eastern edge of the warm pool and that of the wind patch (Fig. 4D) . The amplitude of the wind stress had a narrow range around 0.33 dynes cm Ϫ2 which fell into the 0.20 to 0.40 dynes cm Ϫ2 range of observed ENSO wind stress anomalies (Fig. 4E ) (15) . Many ocean modelers use 2.5 year Ϫ1 for the Rayleigh friction. Comparisons with observations (32) suggest a friction of 6 month Ϫ1 for the first baroclinic mode, and the present sensitivity experiment implied the use of friction smaller than 1.5 year Ϫ1 (Fig. 4F) . A series of tests (33) indicated a rather limited north-south extension for the width of the equatorial band over which the zonal currents are averaged to displace the OCEE (within 1.75°N to 1.75°S and 2.25°N to 2.25°S). A previous study (18) based on observations did not find a substantial change in OCEE displacements when the zonal currents were averaged within 2°N to 2°S and 6°N to 6°S. The final test considered different values for the mean zonal current near the western and eastern ocean boundaries (Fig. 2B ). It appears to be difficult to get the model to oscillate for values below 15 cm s Ϫ1 near the western boundary and above Ϫ35 cm s Ϫ1 near the eastern boundary. These numbers are still too large compared with those of the observations (34) .
As discussed above, an important and controversial question about the delayed action oscillator theory compared with the present approach is the effectiveness of the western and eastern ocean boundaries as equatorial wave reflectors. Several simulations were done with our model, with the addition of reflection coefficients on both boundaries. It is possible to get ENSO-like oscillations with no or very little (Ͻ10%) western boundary reflection, through a reduction of the wind stress amplitude (Fig. 3, curve a) . In contrast, it is impossible to obtain ENSO-like oscillations with a reflection coefficient on the eastern boundary that is smaller than 85% (Fig. 3, curve c) .
Despite its simplicity, the proposed coupled model is adequate to illustrate the advective-reflective concept for the oscillatory nature of the ENSO. Many of the parameters that yielded realistic simulations of the ENSO were found to be surprisingly close to their observed values. The concept is based on the discovery of the OCEE that is advected in phase with the SOI (19) ; as a consequence, the ENSO time scale can be accurately determined by the duration of advection of the eastern edge of the warm pool by surface zonal currents in the equatorial band. This is more direct than the estimation proposed by recent ENSO theories, based on the time taken by some negative feedback to stop the unstable growth of the coupled system. However, our model results in regular oscillations, and as seen on Figs. 1 and 3 , curve b, the ENSO is subject to strong irregularities. This could be due to the fact that several parameters that were treated as constants in the model are not really constant in nature (such as Kelvin wave speed and wind amplitude). These irregularities are beyond the scope of the present study.
The present model requires stronger than observed mean zonal converging currents ( Fig. 2B) , very likely to compensate for the simplified model physics, such as the exclusion of nonlinear terms and of vertical advection for changing SST. During the fully developed El Niñ o, when warm waters stretch well into the eastern equatorial Pacific, the zonal SST gradient on the eastern edge of the warm pool does not remain nearly constant but weakens significantly (Fig. 1A) . Zonal advection associated with the returning displacement of the OCEE does not bring cold SST into the central equatorial Pacific, and a source of cold water is needed in the eastern equatorial Pacific to develop a La Niñ a. Heat flux contributions to SST variations are not very substantial within the equatorial wave guide on an ENSO time scale (35) ; thus, uplifting of the thermocline appears to be the most likely mechanism for this source. With the returning surface westward flow, mass conservation along the equatorial wave guide ensures an uplifting of the thermocline in the eastern equatorial Pacific (36) . In this case, our concept is pertinent during both phases of the ENSO. On the other hand, the uplifting of the thermocline can also be accounted for by the original delayed action theory through the action of reflected upwelling Kelvin waves issued from the western ocean boundary. In this second case, our concept is relevant during La Niñ a and much of the duration of El Niñ o. Hence, as a modification of the delayed action oscillator theory, we propose a concept in which equatorial wave reflection on the eastern boundary is more important than on the western boundary and zonal advection is more effective overall than vertical advection and entrainment for setting up the coupled ENSO system in the right place, namely, in the central equatorial Pacific.
